B reast cancer remains the second leading cause of cancer death among women, and the 5-year survival rate among women with stage IV breast cancer is only 22%. 1 In addition to medical variables such as hormone receptor status, disease-free interval, and degree of metastatic spread, studies have shown that demographic factors such as older age at diagnosis and being married predict longer survival times. 2, 3 Furthermore, research conducted by our group and by others have shown that both higher depression 4Y6 and flattened diurnal cortisol rhythm (marker of dysregulated hypothalamic pituarity axis and circadian disruption) are associated with faster disease progression. 7, 8 There remains a need for studies that can identify additional nonmedical and modifiable factors associated with slower disease progression and longer survival time in patients with advanced breast cancer. 9 Physical activity may be 1 such protective, modifiable factor. 10 Physical activity both before and after breast cancer diagnosis has been found to be associated with survival, with the greatest increase in survival correlated with physical activity after breast cancer diagnosis. 11Y15 For example, Holmes et al 16 reported that women with stages I to III breast cancer who walked the equivalent of 3 to 5 hours per week after their breast cancer diagnosis experienced the greatest reduction in risk of mortality. One meta-analysis of physical activity and survival among women given a diagnosis of breast cancer found that allcause mortality was reduced by 41% if women engaged in physical activity after a diagnosis of breast cancer, 17 whereas a second found that engagement in physical activity reduced breast cancerYspecific mortality by between 41% and 51%. 18 These studies have indicated that changes in levels of estrogen, insulin, and proinflammatory cytokines could mechanistically explain the link between physical activity and survival after breast cancer and could be tied to broader improvements in overall immune function. 19 Exercise could also affect metabolic hormones via reductions in adiposity and thereby limit the growth and proliferation of breast cancer tumor cells. 20 Many of the studies included in these reviews have focused on women with early-stage breast cancer. 21 As treatment advances have both extended the life expectancy and also improved the health status of women with advanced breast cancer, they are increasingly able and willing to engage in physical exercise. 22, 23 The current literature on physical activity recommends that nurses and other cancer care providers encourage all patients with cancer to exercise, provided that they have no medical contraindications. 24 However, the effect of physical activity on the survival of patients with advanced cancer has not yet been fully characterized.
The current study attempts to address this gap in the literature on physical activity and survival in women with advanced breast cancer. We hypothesized that greater physical activity would be associated with greater survival among women with advanced breast cancer, even while controlling for other prognostic factors known to be associated with survival. 25, 26 These prognostic factors include demographic factors (age, marital status), medical factors (estrogen receptor [ER] status, site of metastatic disease spread), treatment factors (chemotherapy, radiation therapy, hormonal therapy), depression, and salivary cortisol slope.
n Methods
Study Procedure
This is a secondary analysis of a randomized clinical trial designed to evaluate the effect of supportive-expressive group therapy (SEGT) on survival. 27 Participants were randomly assigned after a baseline assessment either to a treatment condition, in which they received SEGT plus educational materials, or to a control condition, in which they received educational materials only. The parent study did not find a significant effect of the SEGT condition on survival. 27 There were no significant interactions between physical activity, SEGT, and survival in this sample; therefore, we analyze outcomes for the combined sample regardless of intervention arm.
This secondary analysis focuses on the relationship between physical activity and survival among women with advanced breast cancer in the completed trial. Although the primary study was adequately powered, this study is a secondary analysis and is limited to the sample size calculated for the treatment-control comparison. The intervention (SEGT) used a group psychotherapy format to address psychological distress and did not specifically introduce or facilitate engagement in physical activity. All measures included in this analysis were collected at the baseline assessment visit.
Study Sample
One hundred twenty-five women were recruited to participate in the parent study. The women were recruited from advertisements in community newspapers and newsletters, local oncologist and oncology treatment centers, and the Oncology Day Care Center at Stanford University Medical Center.
Eligible women were fluent in English, lived in the greater San Francisco Bay area, had a Karnofsky Performance Scale (a commonly used metric of medical status) score of 70.0% or greater (indicating ability to care for self), 28 and had stage IV breast cancer (metastasis or recurrence beyond positive supraclavicular lymph nodes). Women who had other active cancers (except for basal cell or squamous cell carcinomas of the skin or in situ cervical cancer) or who had a comorbid medical condition likely to affect short-term survival were excluded (full recruitment details published previously). 27 For this secondary study, 103 of the 125 total participants had evaluable data for analysis (15 were missing cortisol data, 6 did not provide ER status, and 1 participant did not provide either). We excluded participants with missing cortisol data because, in previous studies, flattened or aberrant diurnal rhythm was associated with shorter survival in patients with cancer and cancer survivors. 7, 8, 29, 30 There were no significant differences on any medical or demographic variables between the original sample of 125 women and this secondary study sample of 103 participants. Informed consent was documented for all participants, and the study was conducted with the approval of the Stanford University School of Medicine Institutional Review Board.
Measures

DEMOGRAPHIC AND MEDICAL VARIABLES
Demographic and medical variables were assessed with selfreport questionnaires. Demographic variables included age and marital status. Medical variables included ER status and dominant site of metastatic disease spread or recurrence (ie, viscera, bone, chest wall). Treatment variables included use of chemotherapy, radiation therapy, or hormonal therapy.
DEPRESSION
Depressive symptom was assessed by the Center for Epidemiologic Studies Depression Scale, 31 a 20-item measure of depressive symptoms in 4 domains: depressive affect, somatic symptoms, positive affect, and interpersonal relations. This is a widely used measure that has been validated in populations with breast cancer. 32 We used the total score in this study as a measure of frequency and severity of depressive symptoms.
SALIVARY CORTISOL
Salivary cortisol was collected 4 times per day for 3 days at 8:00 AM, noon, and 5:00 and 9:00 PM. Area under the curve was computed for log-transformed salivary cortisol values across these assessment points. Salivary cortisol was analyzed using radioimmunoassay at Stanford University. Additional details are provided in Sephton et al. 7 
ASSESSMENT OF PHYSICAL ACTIVITY
Women completed the Seven-Day Physical Activity Recall (7DPAR). The 7DPAR is a brief assessment designed to gauge the amount of time spent engaged in various types of physical activity; it can be administered by an interviewer or via selfreport. 33 In this study, the 7DPAR was administered via selfreport. The 7DPAR yields a composite score that encompasses the duration and intensity of a range of physical activities in which participants have engaged for the past week, as described hereinafter. Physical activities were categorized as ''moderate activities'' (eg, yoga, mopping floors, sweeping, walking on a firm level surface 3-4 mph), ''hard activities'' (eg, aerobic dance, badminton, fast walking, scrubbing floors), or ''very hard activities'' (eg, circuit training, racquetball, rope jumping, cross-country running). Participants were asked how many hours they had spent during the past 5 weekdays (Monday through Friday) and during the past weekend (Saturday and Sunday) doing activities in each of the 3 categories (moderate, hard, and very hard). Women were also asked how many hours on average they had slept during the past 5 weekday nights (Sunday through Thursday nights) and the past weekend nights (Friday and Saturday nights).
Energy expenditure for physical activity was quantified by an adapted version of the metabolic equivalent (MET), which is the ratio of working metabolic rateYresting metabolic rate or the caloric expenditure of approximately 1 kcal/kg per hour. 34, 35 Moderate activities, defined as falling in the 3.0 to 5.0 MET range, were assigned an MET value of 4.0. Hard activities, defined as falling in the 5.1 to 6.9 MET range, were assigned an MET value of 6.0. Very hard activities, defined as involving 7.0 METs or more, were assigned an MET value of 8.0. Hours not spent in moderate, hard, and very hard activities, including time spent sleeping, were assigned an MET value of 1.0, in keeping with previous research using the 7DPAR. 36 To establish the number of hours spent sleeping or in light physical activity, we subtracted the total number of hours spent in moderate, hard, or very hard physical activity from the total number of hours in 1 week (7 days Â 24 hours = 168 total hours). Total weekly hours spent in each activity category were multiplied by the corresponding average MET; these products were then summed to calculate total energy expenditure in METs for the week and then divided by 7 to provide an estimate of each participant"s daily average physical activity in METs per day or kilocalories per kilogram per day. 37 The 7DPAR has been demonstrated to have satisfactory testretest reliability and validity. 34 ,38Y42 Validity testing conducted in 2 previous studies using portable accelerometers showed positive associations between the 7DPAR and objective measurement of physical activity (r = 0.50Y0.53). 34 The 7DPAR was also found to have a strong positive association with physical activity measured by accelerometry in patients with end-stage renal disease (r = 0.59, P G .001). 39 
MEASURE OF SURVIVAL
Survival time was measured from the date of study entry. The earliest participants were enrolled in June 1991, and participants were followed until death or April 1, 2016. Cause and date of death were verified by family members, physicians, State of California death records and index, or the Social Security Death Index. Documentation recording cause of death was obtained for 93 of 103 women; 83 (89.2%) died of causes directly related to advanced breast cancer. In addition, 3 participants died of secondary causes related to disease progression. Five died of the following: hypotension/cardiac disease, colon cancer, cardiorespiratory arrest/cardiac arrhythmia, cardiopulmonary arrest/ respiratory failure, and neuromuscular failure/Parkinson"s disease. Cause of death for 2 women was unknown.
Data Analysis
The primary hypothesis that physical activity at baseline is associated with longer survival time was examined using a Cox proportional hazards model. We conducted Cox regression analysis on survival by physical activity while controlling for known prognostic factors of survival, also assessed at baseline (age, marital status, ER status, treatment [chemotherapy, radiation therapy, and hormonal treatment], dominant site of metastatic disease spread [viscera, bone, and chest wall], depression, and cortisol slope). Given the eligibility criteria of a Karnofsky Performance Scale of 70.0% or higher, we controlled for performance status but found that it did not affect any associations of interest. Similarly, age at diagnosis, disease-free interval, the time between recurrence and randomization to the study, and body mass index did not significantly predict survival and were not associated with physical activity in our study (all Ps 9 .05). SAS (version 9
descriptive purposes. We report 4 hazard ratios (HRs). First, we report the unadjusted HR assessing the association of continuous baseline MET scores with survival. Second, we report a descriptive HR using a median split for baseline MET scores. Third, for clinical interpretability, we report the reduction in mortality risk attributable to an increase of 1 hour of moderate activity (4.0 METs) per day at baseline using Cox proportional hazards modeling. Finally, we report the adjusted HR after controlling for relevant covariates.
n Results
Sample Characteristics
The mean (SD) age of participants was 53.8 (10.6) years. Other demographic characteristics for the sample are summarized in Table 1 . Medical characteristics and recent medical treatment assessed at baseline are summarized in Table 2 .
On average each day, approximately three-quarters of the women (75.7%, n = 78) engaged in at least 30 
Results of Survival Analysis
Women were followed for a mean of 60.43 months with a standard error of 6.57 months. The women"s overall median survival duration was 33.1 months; the interquartile range was 16.6 to 68.5 months. There was no effect of the group psychotherapy intervention on survival, and there was no significant difference in physical activity (assessed before the intervention) between the intervention and control groups. In terms of association, first, higher average physical activity as measured continuously in METs per day at baseline was significantly associated with longer subsequent survival (HR, 0.90; P G .01; 95% confidence interval [CI], 0.84Y0.97). Second, for illustrative purposes, the figure presents the Kaplan-Meier plot showing the difference between low and high levels of physical activity as measured using a median split on the METs (see Figure) . The median survival times for the women grouped by low and high baseline METs were 27.1 and 46.4 months, respectively (HR, 0.60; 95% CI, 0.39Y0.92; P = .02). Third, examining the increase in survival due to duration and intensity of physical activity, engaging in 1 hour a day of moderate activity, reduced the hazard of subsequent mortality by 23% (HR, 0.77; 95% CI, 0.65Y0.92; P G .01).
Finally, the effect of physical activity as measured by METs on overall survival remained significant even after controlling for baseline prognostic factors (age, marital status, ER status, treatments received, metastatic disease spread [dominant site], depression, and cortisol levels), as shown in Table 3 in the multivariate Cox Physical activity at baseline was associated with longer survival for women with advanced breast cancer. In concrete terms, engaging in an additional hour of moderate physical activity per day at baseline (approximately 4.0 METs or the equivalent of walking at a moderate pace, doing yoga, or gardening) resulted in an increased likelihood of survival (a 23% decreased hazard of mortality). This effect remained when treating METs as a continuous variable, when treating METs as a dichotomous variable using a median split, and even after controlling for women"s age, marital status, ER status, treatment (chemotherapy, radiation therapy, hormonal treatment), dominant site of metastatic disease spread or recurrence (viscera, bone, chest wall), depression, and cortisol slope. When including covariates in the model, engagement in physical activity was still a significant predictor of decreased mortality risk (HR, 0.91).
Given that this observational study did not directly aim to affect physical activity, several alternative interpretations of the data must be considered, although we tested for a number of these via the covariates we included in the model assessing the relationship between baseline physical activity and survival. Women who report more physical activity may engage in other unmeasured health habits that could contribute to survival, namely, eating a healthier diet; these factors should be assessed in future studies. 20 Although controlling for performance status did not affect the association of physical activity with survival, women in the higher baseline physical activity group may have possessed unmeasured favorable disease characteristics at baseline (eg, lower cancer-related pain) that may have allowed them to exercise more regularly; future studies should assess a range of cancer-related factors to examine this possibility. 43, 44 The figure illustrates, however, that the 2 groups did not diverge in survival immediately after baseline. Rather, the difference began to emerge approximately 25 months after baseline physical activity data were collected. This difference was statistically significant even while controlling for standard prognostic characteristics, none of which substantially altered the relationship between baseline physical activity and survival. The initial delay in survival differences may indicate that exercise confers survival benefits only for those with less aggressive disease, as women with poor disease-related prognostic indicators may have died within the first 2 years of the study regardless of exercise status. This possibility should be investigated in a study more robustly designed to examine cancer-related factors. Finally, survival rates for women given a diagnosis of breast cancer have improved since our data were collected because of advances in cancer therapies; these advances may overshadow the relationship between exercise and survival, and so these findings require replication. 45, 46 A definitive test of the relationship between physical activity and survival would be a randomized trial of increased physical activity in women with advanced breast cancer. Some cohort studies examining the relationship between physical activity and breast cancer survival have previously excluded women with stage IV/advanced cancer or focused primarily on women with stage I to III, possibly operating under the assumption that women with advanced disease may not feel well enough to exercise. 16, 43 However, our research suggests that not only do women with advanced breast cancer engage in physical activity after they have been given a diagnosis of breast cancer but also they may experience significant benefits from this practice. Even moderate activities such as cleaning the house (eg, mopping or sweeping) or walking at a moderate pace were associated with improvements in survival. These simple forms of physical activity have multiple benefits and few risks and should be considered an important part of the rehabilitation of patients with advanced breast cancer. 47 Although a recent clinical trial indicated that a standardized, intervention-mandated exercise prescription did not improve physical functioning in women with advanced breast cancer, more and diverse intervention trials are needed to explore alternative, real-world forms of physical activity and to assess the effect of physical activity on longer-term outcomes, including survival. 23 The results of the current prospective study also highlight the importance of encouraging women with advanced breast cancer to engage in daily, moderate physical activity. Many women living with advanced breast cancer may be unaware that changing their activity-related lifestyle factors could potentially improve their cancer outcomes. Nurses often have the most sustained and consistent contact with patients during their cancer experience; thus, nurses are in a unique position to encourage lifestyle change and to facilitate healthy behaviors. 48 Nurses could assess level of physical activity in patients with advanced breast cancer and suggest ways to integrate increased physical activity into the women"s daily routines. Given that light to moderate walking was preliminarily associated with a survival benefit and that engaging in moderate exercise seems feasible even more for those with advanced disease, 10 encouraging women with breast cancer to walk daily at a leisurely pace could improve long-term outcomes. Nurses trained in palliative care and symptom management likely have the skill and knowledge necessary to integrate these health promotion messages into their survivorship or palliative care services. 49 Limitations A significant limitation of the study is the use of self-reported physical activity on the 7DPAR. Although this questionnaire has been shown to be reliable and valid, 34, 38, 42 other approaches such as accelerometers, fitness testing, or treadmill testing could be used in future studies to provide objective measures of physical activity engagement. Another limitation of using the 7DPAR to measure physical activity is that the diversity of the activities encompassed by each category makes it difficult to calculate standardized METs as recommended by the 2011 compendium of physical activities, 50 because this compendium categorizes activities in a different way than the 7DPAR. So although thinking has advanced in how to more accurately assess METs, interpretation of this study"s findings is constrained by our having used the 7DPAR in our original study. Additional limitations include the constraints placed on the measures and eligibility criteria based on the fact that this was a secondary data analysis of an existing clinical trial; these factors restrict the generalizability of our findings. In addition, we used selfreported medical variables, which could differ from medical record information, and both self-report and medical records are prone to inaccuracies. Future studies should use more comprehensive measures of physical performance status to assess the relationship between physical activity, performance enhancement, and survival.
Conclusions
Despite these limitations, this study provides an initial indication that, among women with advanced breast cancer, simple, inexpensive, and lifestyle-enhancing practices such as walking or engaging in moderate levels of physical activity may reduce mortality and prolong survival. Because there is growing interest in planning for successful cancer survivorship, a set of recommendations for physical activity could be developed to serve as a component of a survivorship plan for women with advanced cancer. 51, 52 Furthermore, there remains a need for exercise interventions involving moderate activities to be designed and tailored for women with advanced breast cancer.
These interventions need to take into account the context of women"s lives, incorporate real-world and pragmatic forms of physical activity, and work within women"s schedules and physical capabilities, with the ultimate goal of improving both their health outcomes and survival.
